The efficiency of removal of organic load, nutrients and microorganisms present in the domestic wastewater of an indigenous community of La Guajira Colombia, in an integrated treatment pilot system whose configuration consists of two biodigesters connected to a biofilter module with subsurface vertical flow planted with macrophytes, with average efficiencies of 50.79% SST, 92.31% BOD5, 90.20% N and 56.87% P, which comply with the regulations, being a sustainable option for environmental management of water pollution in small communities.
Introduction
The environmental management of wastewater treatment is a priority issue worldwide, for the need to have water resources in sufficient quality and quantity, which will allow an improvement of environmental, social and economic factors, and therefore the quality of life of the communities; however, small rural communities suffer serious problems of environmental management of water resources as a result of the scarce availability of investment resources and low institutional support; In addition, it has not been a priority for governments to treat these waters in recent decades, but as the development of the countries improves, a greater environmental awareness has also gradually emerged. This is how small communities have been affected by the abandonment of the public and private sectors, which causes the deterioration of the environment where they live, given the economic and social marginality that is presented. The majority of these communities do not have basic services that meet the needs of drinking water and basic sanitation, the latter referring to wastewater treatment systems and proper management of solid waste. [1] , [2] , [3] .
In Colombia, the situation is not different, 67m
3 /s they are discharged in water sources and only 8% are treated prior to its shedding [4] . In the country, there are 237 wastewater treatment plants in 235 of the 1100 municipalities [5] , however, many of these systems do not have complete treatments and do not meet the standards established in the national legislation. About 80% of the Colombian municipalities are less than 30,000 inhabitants, and there are about 10,000 concentrated rural communities. This type of locality faces problems of availability of resources for investment in wastewater treatment, weak technical capacity to attend advanced technologies for the treatment of these waters, scarce institutional accompaniment and a limited economic capacity of the population to assume high operating costs and maintenance, which lead to the implementation of inoperative systems and the abandonment of existing ones by the communities [6] , [7] , [8] . One of the great needs found in the department of La Guajira is the design and operation of non-conventional technological alternatives [9] , for the treatment of water with lower construction and operation costs, which do not cause long-term environmental damage. Due to the fact that a low percentage has these wastewater treatment systems [10] The previous thing was able to stimulate the realization of the present investigation in which the capacity of removal of organic matter, nutrients and microorganisms of a pilot scale system integrated by biodigestor -biofiltro implemented as a sustainable alternative for the treatment of small domestic wastewater was evaluated. Communities, given that a conventional complete network is not possible for small communities, allowing to obtain a recovered effluent and the use of by products.
Materials and methods
An integrated system (biodigester and biofilter) was installed sequentially with Integrated system "biodigester -biofilter": a sustainable option … 4331 vertical downward flow. The hydraulic installation consisted of a storage tank connected to two digesters made of stainless aluminum, these in turn joined to two filtration modules, made of fiberglass with dimensions of 0.5m high, 0.4 m wide and 1.6 m long, for an effective surface area of 0.32 m 3 . At the exit of each module of the system, stopcocks were installed that allowed to make the sampling, the control of the hydraulic conditions, extract the sludge that was generated in each biodigester and measure the production of biogas [11] .
The material that was used as a substrate for the support of the plant species (juncus sp) installed in the biofilter were: highly porous fine sand, with a particle size of 0.2 to 2 mm, ii. coarse sand from 6 to 12 mm, iii. mineral coal and iv. gravel with particle size of 2 cm. Plant species were previously acclimated to the environmental conditions of the test site. In the modules, 10 plant species per square meter were installed [11] , wastewater was channeled, with short residence time of the water in the biofilters, until the plants reproduce, reaching the necessary size to achieve the effect on the removal of nutrients, dissolved solids and chemical oxygen demand [12] .
Design and evaluation of the hydraulic conditions of the system.
The biological treatment system of 0.80m3 was operated continuously for twelve months with a variable hydraulic retention time (6, 12 and 18 days); The wastewater was diluted in the initial stages to control the applied organic load and its concentration was increased until reaching the maximum value based on the favorable response of the biodigesters in terms of increase of the efficiency of removal of the organic load and the stability of the pH and the electrical conductivity.
In situ variables were determined as temperature, dissolved oxygen, pH, turbidity and conductivity and flow. In the laboratory, the biological oxygen demand DBO5 variables were analyzed by the respirometric method, total phosphorus by the ascorbic acid method, total solids, suspended solids by gravimetric methods and total and fecal coliforms by the most probable number method. These variables were measured at the entrance to the system, at the exit of the first and second biodigestion modules and in the effluent of the biofilter; following the guidelines established by Standard Methods for the Examination of Water and Wastewater. [13] 
Results
In the samples taken at the entrance and exit of the modules of the system, initial average concentrations of 117.76mg/L were presented for the dry period and 62.5 for the rainy period, after passing through the system, of 11, 02 mg/L for the dry period, 10.3 mg/L for the rainy period, which means an average removal of 90.64 % 83.52 % respectively. These results surpass those reported by Conte et al. [14] and [15] , who point to percentages of removal from 50 to 70 %. Figure 1 shows the tendency to decrease the concentration of biochemical oxygen demand by passing through the system for the retention times evaluated, with a greater removal in the first digestion module.
The organic load of the system showed a greater removal in the short periods of hydraulic retention, in general terms, the removal of organic matter in the first module is greater, probably as a product of the decomposition of the same by the microbial bio-films formed; however, it was expected that in the last module there would be a greater removal, due to the presence of the vegetable species installed in this module.
In the designed treatment system, the degradation was purely biological and its removal capacity was due to the combined effects between the hydraulic retention time, the bed's filtering action to retain suspended solids from the water and the biological activity of the system; similar to the research variables. The decrease in the concentration of the biochemical oxygen demand presented in the first two modules was mainly due to the metabolism of aerobic and anaerobic heterotrophic macro-and micro-organisms, in addition to spontaneous oxidation-reduction chemical reactions for the decomposition of organic materials. It generates the contamination of domestic wastewater [16] , [17] In spite of the affectations presented in the conditions of design and operation of the system for the removal of the organic load of the channeled waters in the biodigestion and biofilter modules.
The concentration of nitrogen in the affluent of the system showed a variation of 28.75 and 34.63 kg/L, similar Saldarriaga et al. [19] and superior Aguirre et al. [20] , [21] , [22] , [23] , [24] , [25] , [26] , [27] , to where a great influence of the concentrations of dissolved oxygen associated with the recirculation rates is observed.
Finally with respect to total phosphorus, the results indicated a low efficiency of the system, regardless of the hydraulic retention time, as in most integrated systems the removal of this element is not very effective due to the few opportunities for contact between the residual water and the filter bed. The addition of some materials mentioned above may be promising for the most effective phosphorus removal. Some systems in other locations use them to increase their retention capacity, but this medium requires very large facilities, due to the reduced hydraulic conductivity of the sand compared with the gravel [28] These results show the presence of microorganisms in the system, established as a bio-film on the filter bed and associated with the roots of plants. In addition, these data suggest that there is a correlation between the number of bacteria and hydraulic retention times worked in the system. The digestion and filtration processes carried out are particularly efficient for eliminating fecal coliforms compared with other treatments, provided that they have long retention times (60 days), high pH results from photosynthesis, inactivation by sunlight and predation by protozoa; in this case, the retention time was 6, 12 and 18 days, which prevents its microbicidal effect [29] . This indicates the importance of performing a complementary treatment to the system to improve the bacteriological, physical and chemical quality of the effluent [30] .
Finally, in the phase of start-up and stabilization of the integrated system, the removal efficiencies that were obtained reached up to: 50.79% SST, 92.31% BOD5, 90.20% N, 56.87% P, results that were compared with the admissible values found in the Colombian national regulations, where the shedding and use of water is regulated, finding that all the parameters are admissible and demonstrating that the integrated system complies with the requirements to be implemented in communities that do not have water treatment systems residuals.
Conclusions
It is important to take into account that the operational conditions (Hydraulic Retention Time, Hydraulic Load), the configuration of the reactor (geometry and size), the characteristics of the species (quantity and genres), the characteristics of the filter bed (composition, concentration, degradability) and environmental conditions (pH, buffer capacity, nutrients, toxicity) are factors that, as a whole, affect and define the start-up and operation conditions of biological reactors.
Undoubtedly, biological systems are ecosystems that can be used to treat wastewater in a safe, reliable, aesthetic and economic manner. The removal of contaminants is efficient and is not invested in the supply of additional energy for its operation. As mentioned above, the operation of these treatment systems is based on the combined activity of plants, microorganisms and substrate, which together promote an efficient purification.
The integrated system improves the organoleptic qualities of wastewater; since despite the characteristics of the water, the effluents of the systems under study did not have any unpleasant odor or characteristic color of the tributary; there was also no proliferation of rodents or mosquitoes. The two biological processes (biodigestion and biofiltration) operated during the experimental period make it possible to corroborate that the simultaneous elimination of organic matter and nutrients (nitrogen and phosphorus) is a viable process for countries such as Colombia, where there are high discharges of these elements that put at risk the receiving bodies of water, making them vulnerable to processes such as eutrophication.
It is possible and desirable to develop treatment systems that allow the recovery and reuse of the energy and nutrients present in the wastewater. In this way, sustainable systems can be reached from the environmental, social and economic point of view. The diversity of existing technologies coupled with the environmental and biodiversity characteristics of the tropics allows us to foresee the possibility of innovative technological developments that could solve the pollution problems of small municipalities and rural areas of the region in harmony with the conservation of their natural resources.
